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ABSTRACT 

(Distribution  Limitation  Statement  A) 


Nondestructive  evaluations  were  performed  on  various  composite  heatshield 
materials  before  and  after  underground  nuclear  exposure.  Quality  control 
nondestructive  evaluations  were  used  to  select  representative  rings  from  a 
larger  sample.  Additional  nondestructive  testing  and  nondestructive  mechanical 
(NDM)  evaluations  were  used  to  characterize  the  selected  rings  before  and  after 
exposure.  Improved  methods  of  characterizing  rings  after  exposure  were  devel¬ 
oped  and  will  be  implemented  i’i  Carbon-Carbon  Design  Program.  The  materials 
evaluated  included  an  angled,  tape-wrapped  carbon-phenolic  (P6300);  3D  carbon/ 
quartz-phenolic  3DC/QP);  3D  carbon-phenolic  (3DCP);  3D  carbon-carbon  (3DCC); 
and  felt  carbon-carbon  (felt  CC).  All  materials  were  evaluated  before  under¬ 
ground  exposure.  After  exposure  the  R6300,  3DCC,  and  felt  CC  were  evaluated, 
in  the  follow-on  program  the  two  CC  materials  will  receive  further  evaluations. 
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SECTION  .1 


INTRODUCTION 

Nondestructive  evaluations  were  performed  on  various 
composite  heatshield  materials  before  and  after  nuclear 
exposure.  Quality  control  (QC)  nondestructive  evaluations 
were  used  to  select  representative  rings  fro:.,  a  larger 
sample  which  included  specimens  for  both  this  program 
(underground  exposure)  and  the  Advanced  Heatshield  Concept 
Assessment  (AHCA)  program.  Additional  nondestructive  testing 
(NDT)  and  nondestructive  mechanical  (NDM)  evaluations  were 
used  to  characterize  the  selected  rings  before  and  after  their 
underground  nuclear  exposure.  The  materials  evaluated  included 
an  angled,  tape  wrapped,  carbon-phenolic  (R6300)  ;  3D  carbon,/ 
quartz  phenolic  (3DC/QP);  3D  carbon-phenolic  (3DCP);  3D  carbon- 
curbcn  (3DCC)  and  felt  carbon-carbon  (felt  CC) . 

The  underground  exposure  and  the  related  AHCA  program  were 
concerned  with  the  effects  of  hostile  encounter  as  simulated 
by  nuclear  exposure  or  flyer  plate  impact  on  the  properLies 
of  carbon-carbon  arid  phenolic  composite  heatshield  materials. 

For  these  two  programs  QC  evaluations  consisting  of  ulk  density, 
visual  inspection  (with  photographic  documentation)  and  radio¬ 
graphy  were  completed  on  a  total,  of  67  rings.  Using  the  QC 
results  as  a  guide,  ten  rings  were  selected  for  application  in 
the  underground  exposure,  and  six  rings  were  selected  for  more 
extensive  evaluations  in  the  AHCA  program.  Results  of  the  QC 
evaluations  on  the  67  rings  arc  given  in  Nondestructive , 

Thermal  and  Mechanical  Properties  Evaluations  of  Composite 
Heatshield  Materials, "Technical  Report  AFWL-TR-7 3-189  prepared 
for  the  Air  Force  Weapons  Laboratory. 
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An  unexpected  failure  mode  of  the  3D  carbon/quartz-phenolic 
(3DC/QP)  rings  and  3D  carbon-phenolic  (3DCP)  rings  during  flyer 
plate  testing  at  Kaman  Sciences  dictated  a  change  in  application 
of  seven  of  the  ten  rings  selected  for  this  program.  These 
seven  rings  had  received  little  more  than  QC  NDT  when  their 
application  was  redirected.  Eight  rings  were  supplied  as  re¬ 
placements  for  the  redirected  seven  rings.  Two  additional  rings 
(felt  CC)  had  been  designated  for  this  program  by  Sandia 
Laboratories . 


The  test  matrix,  Table  1,  outlines  the  specific  evalu¬ 
ations  completed  on  each  ring  m  this  program.  Seven  rings 
received  only  QC  NDT  evaluations.  Thirteen  rings  received 
QC  NDT  plus  additional  NDT  consisting  of  penetrant  inspection, 
sonic  transmission,  and  sonic  velocity.  An  attempt  to  polish 
the  rings  for  photomicrography  (40X)  using  trimethyl pentane  was 
.unsuccessful.  These  13  rings  were  subjected  to  NDM  evaluations 
consisting  of  hydrostatic  compression  and  ring  flexure. 

After  underground  exposure,  4  carbon-carbon  rings  were  reevalu¬ 
ated  using  all  of  the  previous  nondestructive  evaluations.  Three 
R0300s  were  also  reevaluated  after  underground  exposure  using 
all  of  the  previous  nondestructive  evaluations  except  hydrostatic 
compress  ion . 

During  the  course  of  these  evaluations,  the  need  for 
improved  techniques  to  determine  material  properties  of  rings 
after  exposure  to  hostile  environments  became  apparent.  New 
techniques  were  developed  and  included  compressive  evaluations 
on  a  curved  coupon  specimen,  tensile  or  compressive  evaluations 
on  a  segment  of  a  complete  ring,  eddy  current  evaluations  on 
the  carbon-carbon  materials,  circumferential  velocity  of  a 
segment  of  a  complete  ring,  and  improved  X-ray  techniques  for 
ringr 
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SECTION  II 


MATERIALS  EVALUATED 
AVCO  3D  CARBON-CARBON  (3DCC) 

The  3DCC  cylinders  were  orthogonal,  three-dimensional,  carbon- 
carbon  composites  manufactured  by  AVCO  Corporation.  The 
composite  was  fabricated,  densified  by  phenolic  impregnation, 
pyrolyzed  and  graphitized.  The  construction  of  this  material 
is  shown  m  Figure  1. 

The  3DCC  rings  evaluated  were  identified  as  1109-35  #2  and 
1109-35  #3  and  received  all  evaluations  before  and  after 
the  underground  exposure. 


SAND I A  FELT  CARBON-CARBON  (FELT  CC ) 

The  felt  CC  was  a  multidirectional  carbon-carbon  composite 
from  Sandia  Laboratories.  A  rayon  felt  carcass  va :•  reinforced 
by  needling,  a  process  which  pulled  some  of  the  libers  through 
the  thickness  direction  The  carcass  was  infiltrated  by  vapor 
deposition  and  graphitized. 

The  felt  CC  rings  evaluated  were  identified  as  9N-2  and 
9P  -2  and  were  evaluated  using  all  NDT  and  NDM  before  and 
alter  the  underground  exposure. 


AVCO  R6300 

The  R6300  Composite  was  a  single -phase ,  2D,  2 0 -degree  angle 
tape-wrapped  phenolic-carbon  from  AVCO  Corporation.  A  “ketch  of 
the  construction  of  this  material  is  shown  in  Figure  2. 

The  three  R6300  rings  evaluated  were  identified  as  93301- 
400,  83301-305-1  (#9)  and  833G1-305-4.  All  ringr  received  NDT 
and  NDM  evaluations  before  and  after  the  underground  exposure. 


AVCO  3D  CARBON/QUARTZ- PHENOLIC  ( 3DC/QP ) 

The  3DC/QP  rings  were  a  two-phase  material  made,  of  3D, 
orthogonal,  phenolic-graphite  over  a  3D,  orthogonal,  phenolic- 
quartz  manufactured  by  AVCO  Corporation.  The  radials  were 
phenolic-carbon.  A  sketch  she  ling  the  construction  of  thin 
material  is  shown  in  Figure  3, 


3 


The  3DC/QP  ring  identified  as  3DC/QP  ring  #3  received  only 
QC  NDT.  Rings  8330I-202B  and  83301-305-5  received  full  NDT  and 
NDM  evaluations  before  the  underground  exposure  only. 


AVCO  3D  CARBON-PHENOLIC  ( 3DCP) 

The  3DCP  material  was  a  single-phase,  3D,  orthogonal,  phenolic- 
graphite  identical  in  construction  to  the  3DC/QP  material  except 
without  the  phenolic-quartz  substructure. 

The  six  3DCP  rings  identified  as  #1,  #2,  #4,  #8,  #9,  and 
#11  received  QC  NDT  only.  Rings  83301-200,  83301-202A,  83301- 
305-2,  and  83301-305-3  received  the  full  NDT  and  NDM  evaluations 
before  the  underground  exposure  only. 
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SECTION  III 


APPARATUSES  AND  PROCEDURES 


NONDESTRUCTIVE  TESTING  AND  MONITOR  EVALUATIONS 

VISUAL  -  For  virgin  (unexposed)  material,  visual  inspections 
(IX  to  10X)  were  made  on  surfaces  to  determine  material  macro- 
level  typicality  and  surface  anomalies.  This  was  effective  for 
detecting  surface  variations  such  as  yarn  bundle  fraction  vari¬ 
ations,  separations,  macrovoids,,  discolorations,  resin-rich  and 
resin-starved  areas,  yarn  bundle  wrinkling  and  spacing  variations, 
ply  spacing  variations,  and  void  clusters.  Results  were  documented 
photographically. 

/ 

/  For  exposed  (hit)  materials,  visual  inspections  (IX  to  10X) 
yere  performed  on  the  edges  and  surfaces  of  the  specimens  to 
assess  macro-level  structural  change.  Results  were  documented 
photographically.  Results  from  these  inspections  were  compared 
to  those  from  virgin  material  for  assessment  ol  structural 
/change.  The  Southern  Research  indexing  and  orientation  cystems 
/  used  to  locate  specific  features  are  shown  in  Figure  4.  Angular 
/  locations  witnout  any  additional  designation  are  relative  to  the 
p  exposure  centerline.  Angular  locations  such  as  SoRl  90°  are 
relative  to  the  ScRI  chosen  0°  reference.  Definitions  of  terms 
used  to  describe  structural  change  are  shown  in  Figure  f 

GRAVIMETRIC  BULK  DENSITY  -  Bulk  density  measurements  for 
specimens  were  calculated  from  direct  measurements  of  weights 
and  dimensions.  An  analytical  balance  uaving  a  sensitivity  of 
±0 . 1-gram  was  used  fox  weighing.  Micrometers  read  to  the 
nearest  U. 0005-inch  were  used  for  measuring  lengths. 


RADIOGRAPHY  -  Radiography  was  performed  using  s lsu 
art  X-ray  techniques  for  low-absorptive  materials.  The  radio- 
graphic  unit  used  was  a  Radifluor  360  manufactured  by  Torr  X-ray- 
Corporation,  a  division  of  Phillips  Electronics.  This  unit  is 
rated  for  operation  from  0  to  120  kv  at  either  3  or  5  ma,  making 
it  ideal  for  phenolic  and  carbon-carbon  type  materials.  The 
unit  incorporates  certain  characteristics  that  are  essential 
for  examination  of  low  absorptive  materials  with  high  resolution 
and  sensitivity.  The  focal  spot  size  is  0,35  mm,  and  the  X-ray 
tube  window  is  0.015-inch  thick  beryllium.  A  small  focal  spot 
size  provides  high  sensitivity  and  distortion-free  imaging  of 
small  discontinuities.  Radiographic  sensitivity  using  extra~fin( 
grain  film  is  within  1  percent  (per  MIL  STD  453) . 
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Operational  and  film  development  procedures  were  consistent 
with  conventional  good  radiographic  practices.  For  example, 
image  sensitivity  and  contrast  was  enhanced  by  using  minimum 
power  settings  for  longer  time  periods.  Sharp  imaging  was 
ensured  by  using  extra-fine  grain  film  (such  as  Eastman  Type  M) 
and  by  using  a  long  focus  to  film  distance  (FFD)  of  up  to  46- inches- 
Hand  film  processing  in  accordance  to  the  film  manufacturer's 
suggested  procedure  was  used  to  assure  maximum  quality.  Image 
quality  was  checked  using  penetrameters  from  similar  material. 
Penetrameter  hole  sizes  used  were  1/2T,  IT  and  2T  (IT  and  2T  holes 
as  defined  by  MIL-STD-453) .  Radiographs  were  inspected  in  a  dark 
room  using  a  high  intensity  (variable)  spot  illuminator, 

ULTRASONICS  -  Basic  apparatus  used  in  the  ultrasonic 
measurements  of  velocity  and  through-transmission  are  a  Sperry 
UM721  Ref lectoscope  and  a  Tektronix  564  Oscilloscope.  Velocity 
is  evaluated  using  the  through-transmission,  elapsed-time  tech¬ 
nique.  The  Sperry  UM721  is  used  as  the  pulser,  and  the  Tektronix 
564  complete  with  a  3B3  time  base  (precision  of  1  percent)  and 
a  3A3  vertical  amplifier  is  used  as  the  signal  measuring  device. 
Transmission  measurements  were  made  using  the  pulse  through- 
transmission  technique  with  an  in-line  attenuator  to  simulate 
the  varying  degrees  of  structural  change.  The  basic  apparatuses 
used  were  the  Sperry  UM721  as  the  signal  pulser,  the  Tektronix 
564  as  the  signal  measuring  device,  and  a  Kay  Model  20-0,  41-dB 
in-line  attenuator  for  assessing  relative  structural  change  in 
the  various  specimens. 

In  using  the  through-transmission,  elapsed-time  technique 
for  measuring  acoustic  velocity,  a  short  pul se  of  longitudinal¬ 
mode  sound  is  transmitted  through  the  specimen.  An  electrical 
pulse  originates  in  a  pulse  generator  and  Is  applied  to  a  ceramic 
piezoelectric  crystal  (SFZ).  The  pulse  generated  by  this  crystal 
is  transmitted  through  a  short  delay  line  and  inserted  into  the 
specimen.  The  time  of  insertion  of  che  leading  edge  of  this 
sound  beam  i i  the  reference  point  on  the  time  base  of  the  oscil¬ 
loscope  which  is  used  as  a  high-speed  stopwatch,  when  the  leading 
edge  of  this  pulse  of  energy  reaches  the  other  end  of  the  specimen, 
it  is  displayed  on  the  oscilloscope.  The  difference  between  the 
entrance  and  exit  times  is  used  with  the  specimen  length  in  cal¬ 
culating  ultrasonic  velocity.  A  short  Lucite  delay  line  is  used 
to  allow  time  isolation  of  the  sound  wave  from  electrostatic 
coupling  and  to  facilitate  clear  presentation  of  the  leading 
edge  of  the  entrant  wave  resulting  in  a  more  accurate  "zero"  for 
time , 


6 


Using  0. 5/1.0  MHz  transducers  coupled  with  alcohol,  the 
precision  for  this  velocity  measurement  technique  has  been  estab¬ 
lished  for  polygraphites  such  as  ATJ-S  as  ±0.002  inch  per  micro¬ 
second  for  a  4 -inch  long  by  1/2-inch  diameter  specimen  and  as 
±0.010  inch  per  microsecond  for  a  1/4-inch  long  by  1/4-inch 
diameter  specimen.  High  purity  trimethylpentane  was  used  as  the 
coupling  medium  for  these  evaluations. 

In  using  the  through-transmission  technique  for  detecting 
structural  variations,  Figure  6,  sound  is  transmitted  through 
the  specimen  and  displayed  by  the  oscilloscope.  The  gain  of 
the  oscilloscope  is  held  constant  and  a  calibrated  step  atten¬ 
uator  located  in  the  input  circuit  is  used  to  maintain  the 
displayed  wave-form  at  a  constant  amplitude.  Values  of  trans¬ 
mission  (called  added-dB)  relative  to  a  reference  material  may 
be  read  from  the  step  attenuator.  Measurements  are  made  in  a 
bath  { trimethylpentane  for  these  evaluations)  to  minimize  effects 
of  contact  coupling  and  near  field  effects.  A  suitable  fixture 
is  used  to  align  the  transducers  and  to  hold  the  specimen  squarely 
in  the  sound  beam.  When  specimen  geometry  is  such  that  part  of 
the  energy  in  the  sound  beam  could  by-pass  the  specimen,  foam 
padding  is  used  as  a  block  to  absorb  this  energy.  The  sensitivity 
of  the  calibrated  attenuator  is  1  dB  with  a  minimum-maximum  from 
0  to  41  dB. 

LIQUID  PENETRANT  INSPECTION  -  Volatile  liquids  are  used  on 
porous  materials  such  as  graphites,  phenolic  and  carbon-carbon 
composites  as  a  nondestructive  test  for  surface  discontinuities 
such  as  gross  porosity,  wide  density  variations,  large  inclusions 
and  cracks.  When  a  material  is  wetted  with  a  volatile  liquid, 
porous  areas  and  cracks  remain  wet  for  a  longer  period  of  time 
than  the  surrounding  material.  This  differential  evaporation 
effect  is  discernible  by  visual  observation.  Although  this 
technique  is  not  quantitized  (it  probably  could  be) ,  it  is 
effective  in  revealing  surface  discontinuities. 

The  volatile  liquid  inspection  procedure  involves  the 
following : 

1.  Application  of  a  volatile  liquid  to  surface  of  specimen 
usually  for  5  to  10  seconds.  This  can  be  done  by  flooding, 
brushing,  or  immersing. 

2.  Inspection  of  specimen  surface  as  the  liquid  evaporates. 
Porous  areas  will  remain  wetted  while  the  surrounding  smooth  areas 
will  dry.  Cracks  also  will  remain  wetted  depending  primarily  upon 
the  depth  and  width  of  the  crack. 
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3.  Record  is  made  of  visual  observations. 

This  technique  is  useful  in  revealing  surface  discontinu¬ 
ities.  Other  NDT  methods  of  inspection  such  as  ultrasonics  and 
radiography  can  be  used  in  conjunction  with  the  penetrant 
inspection  to  determine  the  extent  of  the  surface  discontinuity 
internally.  The  volatile  liquid  used  was  high  purity,  2,  2, 

4 -trimethylpentane . 

NONDESTRUCTIVE  MECHANICAL  EVALUATIONS  (NDM) 

All  rings  receiving  the  full  NDT  evaluations  also  were 
given  nondestructive  mechanical  evaluations.  Two  different 
methods  were  used  before  and  after  the  underground  exposure; 
first-ring  flexure  evaluation  and  second-hydrostatic  compres¬ 
sion  evaluation.  During  these  evaluations,  the  rings  were 
loaded  to  no  greater  than  20  percent  of  the  ultimate  strength 
as  defined  by  data  from  the  Advanced  Heatshield  Program  (AHP) . 

RING  FLEXURE  -  A  schematic  drawing  of  the  setup  used  for 
the  ring  flexure  evaluations  is  shown  as  Figure  7.  The  ring 
was  instrumented  with  four  strain  gages  on  the  inside  surface 
oriented  in  the  circumferential  direction.  The  ring  to  be 
evaluated  was  located  between  the  crossheads  of  a  Tinius-Olsen 
testing  machine.  Three  dial  indicators  were  located  around 
the  ring  to  measure  radial  deflections  as  shown  in  Figure  7. 
Strain  was  read  using  a  Baldwin  strain  indicator.  Load  was 
read  from  an  internal  load  cell  in  the  testing  machine.  The 
ring  was  loaded  incrementally  and  all  dial  indicator  and  strain 
gages  read  at  each  load  increment.  The  ring  was  loaded  to  20 
percent  or  less  of  its  ultimate  strength.  The  sequence  was 
repeated  at  least  twice  with  the  arbitrarily  selected  NDT  zero 
orientation  under  the  loading  pad,  rotated  45  degrees  counter¬ 
clockwise  and  at  90  degrees  to  the  vertical.  Modulus  values 
were  calculated  using  classical  ring  equations. 

HYDROSTATIC  COMPRESSION  -  The  hydrostatic  compression 
evaluation  was  run  m  a  hydrostatic  loading  rig  shown  sche¬ 
matically  in  Figure  8.  The  loading  medium  was  a  thin  wall 
rubber  bladder  which  was  connected  to  a  hydraulic  cylinder. 

The  bladder  was  contained  on  the  outside  diameter  by  an  cuter 
closure  ring  and  top  and. bottom  closure  plates.  The  bladder 
was  contained  on  the  inside  diameter  by  the  test  ring  and  spacer 
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rings.  The  spacer  rings  were  sized  to  give  an  assembled  height 
with  the  test  ring  in  place  which  was  0.005  inch  less  than  the 
outer  closure  ring.  The  bladder  was  oversized  for  the  cavity 
in  the  rig  and  this  combined  with  its  thin  wall  ensured  that 
the  bladder  supported  a  negligible  portion  of  the  hydraulic 
loading.  The  hydraulic  system  was  filled  and  bled.  The 
hydraulic  cylinder  was  loaded  in  a  Tinius-Olsen  testing  machine. 
Load  was  measured  by  an  internal  load  cell  in  the  testing 
machine.  This  was  was  converted  to  hydraulic  pressure  and 
stresses  were  calculated  using  thick  walled  cylinder  relation¬ 
ships. 


Rj  —  R  i 


where 

a  =.  Circumferential  stress  at  I.D. 

P  =  Hydraulic  pressure 
R2  -  Outside  radius 
Rj  =  Inside  radius 

Strain  was  read  using  a  Baldwin  strain  indicator.  From  the 
stress  and  strain  values  modulus  was  calculated  using  the 
Hook's  Law  relationship: 

c  =  Ec 
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SECTION  IV 


DATA  AND  RESULTS 


NONDESTRUCTIVE  TESTING  AND  MONITORS 


AVCO  R6300  -  The  NDT  and  monitor  results  on  Rings  83301- 
305-1,  8330i-305-4,  and  83301-400  are  presented  in  Table  2  and 
Figures  9  through  14 .  Material  background  and  before  and  after¬ 
exposure  variations  as  indicated  by  vision.  X-ray,  and  liquid 
penetrants  are  also  detailed  in  the  table  and  figures. 


Generally,  the  material  background  was  similar  to  AHP 
R6300  material  which  was  reported  in  "Thermal  and  Mechanical 
Properties  of  Advanced  Heatshield  Resinous  (CF^  and  Carbonaceous 
(CC)  Composites^-  No.  AFML-TR-72-160,  Variation's  considered 
typical  for  the  rings  were  residual  porosity  to  20  mils, 

Figure  9a,  and  reinforcement  wrinkling  Figure  9b. 


The  following  results  were  obtained  for  before  and  after¬ 
exposure  values  of  density,  axial  velocity,  radial  velocity, 
and  radial  transmission.  For  Ring  83301-305-1,  the  respective 
values  were  1,338  and  1.343  gm/cm  ,  0.129  and  0.130  in./ysec, 
0.127  and  0.114  in./ysec,  and  44  and  43  added-dB.  Significant 
variations  in  radial  velocity  and  transmission  were  measured 
in  the  exposed  ring.  For  radial  velocity,  low  values  of  0.0887, 
0.0990,  and  C.1011  in./ysec  were  measured  at  0°,  45°,  and  315°. 
For  transmission,  low  values  of  34  and  35  added-dB  were  measured 
at  exposure  O'5.  A  slight  variation  in  thickness  was  measured 
for  the  exposed  ring.  As  shown  in  Figure  10,  thickness  varied 
from  0. 4048-inch  at  315°  to  0.4132“inch  at  90°.  For  Ring 
83301-305-4,  the  respective  values  were  1.339  and  1.341  gm/cm3, 
0.128  and  0.130  in./ysec,  0.124  and  0.124  in. /usee,  and  49  and 
48  added-dB.  There  were  no  significant  local  variations  in  the 
data  for  the  exposed  ring,  including  thickness  variations  around 
the  ring.  For  Ring  83301-400,  the  respective  values  were  1.340 
and  1.343  gm/cm3,  0.128  and  0.130  in./ysec,  0.124  and  0.123 
in./ysec,  and  48  and  47  added-dB.  There  were  no  significant 
local  variations  m  the  after-exposure  data,  and  no  significant 
thickness  variation  around  the  ring. 


Visual,  X-ray,  and  liquid  penetrant  inspections  on  the  vir¬ 
gin  rings  revealed  a  single  flaw  in  Ring  83301-305-1.  A  20-mil 
low-absorptive  area  was  indicated  by  axial  X-ray  close  to  the  inner 
edge  at  180°.  The  0°  orientation  was  designated  to  avoid  this  flaw. 
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Sketches  summarizing  the  NDT  and  monitor  inspection  results 
on  the  virgin  rings  are  given  in  Figures  11  through  13. 

Some  structural  change  was  indicated  in  exposed  Rings 
83301-305-1  and  83301-400  by  visual,  X-ray,  and  liquid  pene¬ 
trant  inspections.  For  83301-305-1,  the  change  was  visually 
apparent  matrix  damage  on  the  front  face  (outer  surface)  of 
the  exposed  area,  Figure  14.  Also,  increased  porosity  to  a 
depth  of  100  mils  on  the  fear  face  (inner  surface)  of  the 
exposed  zone  was  visually  apparent.  For  83301-400,  the  only 
change  detected  was  increased  porosity  to  a  depth  of  80  mils 
on  the  rear  face  (inner  surface)  of  the  exposed  zone.  No 
change  was  detected  in  Ring  83301-305-4. 

AVCO  3DCP  -  NDT  and  monitor  inspection  results  on  virgin 
Rings  1,  2.  4,  8,  9,  11,  83301-200,  83301-202A,  83301-305-2, 
and  83301-305-3  are  presented  in  Table  3  and  Figures  15  through 
25.  Because  of  an  unexpected  failure  in  some  3DC/QP  rings  sub¬ 
jected  to  flyer  plate  testing  at  Kaman  Sciences,  work  on  some 
rings  was  stopped  and  application  was  redirected.  The 
data  presented  include  only  the  results  from  the  virgin  inspec¬ 
tions  . 


The  material  background  was  generally  similar  to 
AHP  3DCP  reported  in  AFML-TR-72-160 .  For  Rings  1,  2,  4, 

8,  9,  and  11,  the  material  had  lower  porosity  and  straighter 
ci rcumf erentiais  than  the  AHP  material,  Figure  15.  For  Rings 
83301-200,  83301-202A,  83301-305-2,  and  83301-305-3,  the 
material  had  an  extremely  high  residual  porosity  along  the 
radials,  Figure  16.  The  reinforcement  in  both  sets  of  rings 
was  workmanly  placed. 

The  following  results  were  obtained  for  virgin  values  of 
density,  axial  velocity,  radial  velocity,  and  radial  trans¬ 
mission.  For  Ring  1,  the  respective  values  were  1.406  gm/cm3, 
0„371  in. /Usee,  0.165  in./usec,  and  25  added-dB,  Fox'  Ring  2, 
the  respective  values  were  1.415  gm/cm3,  0.367  in./Usec,  0.164 
in./usec ,  c^nci.  2 B  2.clclsci“clH.  Foir  P, i. n cj s  4  8,  this  stopps^s 

occurred  before  the  velocity  and  transmission  measurements  were 
made.  The  respective  densities  of  these  two  rings  were  1.409 
and  1.412  gm/cm3.  For  Ring  9,  the  respective  values  of  density, 
axial  velocity,  radial  velocity,  and  radial  transmission  were 
1.413,  0,366  in./usec,  0.168  in./usec,  and  24  added-dB.  For 
Ring  11,  the  respective  values  were  1.4C4  gm/cm3,  0.370  in./usec, 
0.167  iji. /usee,  and  23  added-dB,  For  Ring  83301-200,  the  respec¬ 
tive  values  were  1.316  gm/cm1,  0.284  in./usec,  0.193  in./usec. 
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and  30.5  added-dB.  For  Ring  33301-202A,  the  respective  values 
were  1.317  gm/cm  %  0.284  in.  /h  sec,  0.188  in,AJsec,  and  26,5 
added-dB.  For  Ring  83301-305-2,  the  respective  values  were 
1.316  gm/ertv  ,  0.285  in. /Msec,  0.190  in. /Msec,  and  26.5  added-dB. 
For  Ring  83301-305-3,  the  respective  values  were  1.321  gm/cm3  , 
0.281  in. /y sec,  0.189  in. /p sec,  and  28  added-dB. 

Visual,  X-ray,  and  liquid,  penetrant  inspection  (except 
liquid  penetrant  on  Rings  4  and  8)  were  completed  on  all 
designated  rings  before  the  work  stoppage.  No  single  flaws 
were  revealed  in  Rings  1,  83301-200,  83301-202A,  and  83301- 
305-3.  For  the  other  rings,  flaws  or  anomalous  material 
variations  generally  consisted  of  various  indications  of  resin 
starved  areas  around  radials  by  vision  and  low-absorptive 
alignments  by  a."j.al  X-ray.  These  and  other  variations  are 
detailed  in  Table  3  and  are  depicted  in  Figures  17  through  19. 
Sketches  summarizing  the  NDT  and  monitor  inspection  results 
on  Rings  1,  2,  83301-200,  83301-202A,  83301-305-2,  and  83301- 
305-3  are  given  in  Figures  20  through  25, 

AVCO  3DC/QP  -  NDT  and  monitor  inspection  results  on  virgin 
Rings  3,  83301-202B,  and  83301-305-5  are  presented  in  Table  4 
and  Figures  26  through  29.  Again,  because  of  the  unexpected 
failure  in  some  3DC/QP  rings  subjected  to  flyer  plate  testing 
at  Kaman  Sciences,  work  on  some  rings  was  stopped,  and  their 
application  was  redirected.  The  data  presented  include  only  the 
results  from  the  virgin  inspections. 

The  material  background  was  generally  considered  similar 
to  AHP  3DC/QP  material  reported  in  AFML-TP-72-16 0 .  For 
Ring  3,  the  material  had  lower  porosity  and  straighter 
circtmferentic'ls  than  the  AHP  material.  Figure  26.  For  Rings 
83301-202B  and  83301-305-5,  the  material  had  an  extremely  high 
residual  porosity  along  radials  and  between  axials,  Figure  27. 
Also,  for  these  rings,  missing  pieces  of  axials  and  circum- 
ferentials  from  machined  surfaces  and  residual  porosity  between 
radials  a  id  axials  at  the  inner  surface  were  typical  of  the 
material.  Figures  26  and  27. 

The  following  results  were  obtained  for  virgin  values  of 
density,  axial  velocity,  radial  velocity,  and  radial  trans¬ 
mission.  For  Ring  3,  the  respective  values  were  1.476  gm/cm3, 
0.343  in. /Msec,  0.166  in. /'Msec,  and  30.5  added-dB.  Fcr  Ring 
83301-202B,  the  respective  values  were  1.343  gm/cm3,  0.287  in./ 
Msec,  0.192  in. /Msec,  and  21  added-dB.  For  Ring  83301-305-5, 
the  respective  values  were  1.354  gm/cm3,  0.284  in. /usee,  0.192 
in, /Msec,  and  21.5  added-dB. 
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No  single  flaws  were  detected  in  the  virgin  rings  by 
vision.  X-ray,  and  liquid  penetrant.  Sketches  summarizing 
the  ND7  and  monitor  inspection  results  on  Rings  83301-202B 
and  83301-305-5  are  given  in  Figures  28  ana  29. 

AVCO  3 DCC  -  The  NOT  and  monitor  results  on  Rings  1109-35-2 
and  1109-35-3  are  presented  in  Table  5  and  Figures  30  through 
36.  Material  background  and  before  and  after-exposure  variations 
indicated  by  vision.  X-ray,  and  liquid  penetrant  are  also  detailed 
in  Table  5  and  Figures  30-36. 

For  background,  the  material  was  generally  uniform,  workman¬ 
like,  and  similar  to  AHP  3 DCC  material  which  was  reported  in 
AFML-TR-73-16 0 .  The  exception  was  that  the  dedans  (also  called 
debond  and  matrix  rich  areas)  along  the  circumferentials  were 
more  frequent  than  for  the  AHP  material.  Figure  30.  These  delams 
were  uniformly  distributed  throughout  the  material.  Also,  missing 
radials  in  machined  edges  were  also  typical  of  the  material. 

The  following  results  were  obtained  for  before  and  after- 
exposure  values  of  density,  axial  velocity,  radial  velocity,  and 
radial  transmission.  For  Ring  1109-35-2,  the  respective  values 
were  1.638  and  1.636  gm/cm3 ,  6.375  and  0.363  in. /Usee,  0.244 
and  0.218  in. /y sec,  and  18  and  22  added-dB.  Systematic  shifts 
were  measured  between  the  before  and  after  data;  however,  no 
significant  local  variations  were  measured  in  the  exposed  ring. 

The  variation  in  thickness  around  the  exposed  ring  was  only 
slight,  Table  5.  For  Ring  1109--35-3,  the  respective  values 
were  1.6  45  and  1.640  gm/cm3  ,  0.37  7  and  0.356  in./psec,  0.24  7  and 
0,237  in./psec,  and  22  and  21.5  added-d’3.  Again,  systematic 
shifts  were  measured  between  t.ne  before  and  after  data,  but  no 
significant  local  variations  were  measured  in  the  exposed  ring. 
There  was  no  significant  variation  in  thickness  around  the  ring, 
Table  5. 


Visual;  X-ray,  and  liquid  penetrant  inspections  on  the 
i.n  rings  revealed  no  single  flaws.  Sketches  summarizing 
and  monitor  inspection  results  are  given  in  Figures 


the  NDT 
31  and  32. 


Structural  orange  was  visually  apparent  in  both  rings. 
Photographs  showing  the  as-received  rings  are  given  in  Figures 
33  and  34.  Generally,  for  both  rings,  the  change  consisted  of 
raised  or  recessed  and  missing  radials,  cracking  along  local 
preexisting  circumferential  delams  completely  around  the  ring. 
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spalled  sections  of  matrix  and  circumferential  reinforcement 
(circs)  over  radials  in  edges,  yarn  lift  from  the  front  face, 
and  discolorations  (dark)  on  the  front  face.  These  and  other- 
changes  are  detailed  in  Table  5  and  Figures  35  and  36.  Absorp¬ 
tion  of  trimethylpentane  into  edges  of  both  exposed  rings  was 
higher  in  the  exposed  zone  than  out  of  the  exposed  zone.  The 
only  change  indicated  by  axial  X-ray  was  a  1-1/2-inch  long 
circumferential  low-absorptive  alignment  at  315°. 

SANDIA  FELT  CC  -  The  NDT  and  monitor  results  on  Rings  9N-2 
and  9P-2  are  presented  in  Table  6  and  Figures  37  through  43. 
Material  background  and  before  and  after-exposure  variations 
indicated  by  vision,  X-ray,  and  liquid  penetrant  are  also 
detailed  in  the  table  and  figures.  For  background,  the  material 
was  typical  Sandia  felt  CC  and  was  uniform  throughout.  Residual 
porosity  was  to  approximately  12  mils.  Figure  37. 

The  following  .results  were  obtained  for  before  and  after- 
exposure  values  of  density,  axial  velocity,  radial  velocity, 
and  radial  transmission.  For  Ring  3N-2,  the  respective  values 
were  1.813  and  1.814  gm/cm3 ,  0.116  and  0.115  in. /usee,  0,119 
and  0.117  in, /usee,  and  51.5  and  49  added-dB,  Local  shifts  in 
after-exposure  radial  velocity  of  0.1117  at  0°  and  0,1100  at 
315°  were  significant  variations.  The  variations  in  after¬ 
exposure  axial  velocity  and  radial  transmission  were  systematic 
rather  than  local,  A  slight  variation  in  thickness  was  measured 
around  the  ring.  The  thickness  varied  from  approximately  0.497 
inch  at  0°  to  0.499  inch  at  90°  and  270°;  Table  6.  For  Ring 
9P-2,  the  respective  values  were  1.830  and  1.830  gm/cm3,  0.115 
and  0.112  in. /usee,  0,117  and  0.118  in./ysec,  and  52  and  50.5 
added-dB.  The  only  significant  local  variation  was  in  the 
value  of  radial  velocity  of  0.1095  in./ysec  at  315°.  A  vari¬ 
ation  in  thickness  similar  to  9N-2  above  was  measured  for  9P-2. 
The  thickness  varied  from  approximately  0.4975  inch  at  0°  to 
0.499  inch  at  90°  and  270°.  Table  6. 

From  the  visual.  X-ray,  and  liquid  penetrant  inspections 
on  the  before -exposure  rings,  only  axial  X-ray  was  effective 
in  determining  single  flaws.  For  9N-2,  the  single  flaws  re¬ 
vealed  were  a  single  skew  low-absorptive  alignment  at  110  -  125° 
and  a  single  0.15-inch  long  radial  low-absorptive  alignment  which 
extended  inward  from  the  outer  surface  at  255°.  For  9P-2,  the 
only  single  flaw  revealed  was  a  1/4-inch  by  1/2- inch  low- 
absorptive  area  near  the  inner  surface  at  225°.  Orientations 
were  designated  to  avoid  these  flaws.  Sketches  summarizing  the 
NDT  and  monitor  results  are  given  in  Figures  38  and  39, 
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No  really  significant  structural  change  such  as  cracking 
was  detected  in  these  two  rings.  Photographs  showing  the  rings 
as-received  are  given  in  Figures  40  and  41.  For  9N-2,  the  only 
changes  or  noteworthy  observations  were  that  the  exposed-zone 
segment  of  the  bottom  edge  was  slightly  more  porous,  Figure  42a, 
and  the  exposure-zone  outer  surface  (front  face)  was  slightly 
discolored  (dark)  and  rougher  in  texture.  Figure  42b  and  c.  For 
9P-2,  change  and  noteworthy  observations  were  discoloration  (dark) 
on  top  edge,  80  mil  chip  in  top  outer  edge  at  315°,  higher  porosity 
in  exposure-zone  of  bottom  edge,  20-mil  voids  in  bottom  edge  at 
240  -  255°  and  270°,  and  material  removal  and  discoloration 
in  exposure-zone  front  face.  These  changes  are  detailed  in 
Table  6  and  depicted  in  Figure  43.  Axial  X-ray  and  liquid 
penetrant  inspection  did  not  reveal  any  structural  change  in 
these  rings. 


NONDESTRUCTIVE  MECHANICAL  EVALUATIONS 

The  two  3DCC  rings  and  two  felt  CC  rings  which  were  exposed 
in  the  underground  event  and  one  ring  of  each  material  which  had 
received  flyer  plate  testing  at  Kaman  Sciences  (called  Raman 
equivalents)  were  all  disassembled  at  Southern  Research,  Table 
7  summarizes  diameter  measurements  at  various  stages  of  assembly 
and  disassembly.  It  is  interesting  to  note  that  the  out-of- 
roundness  figures  indicate  that  the  Kaman  hit  rings  were  more 
distorted  than  the  station  4,  underground  exposure  rings  which 
were  supposed  to  have  had  similar  energy  inputs. 

Table  8  contains  the  results  of  all  bulk  modulus  evaluations 
on  the  rings  of  the  underground  exposure  program  plus  the  two 
rings  which  had  received  flyer  plate  testing  at  Kaman  Sciences. 

From  the  results  several  conclusions  may  be  drawn. 

1,  The  modulus  values  of  the  3D  materials  calculated  from 
deflection  measurements  from  ring  flexure  are  generally  lower 
than  for  the  other  evaluation  methods.  (The  more  homogeneous 
materials,  felt  CC  and  R6300,  do  not  show  this  result.)  One 
possible  explanation  for  the  low  modulus  values  could  be  the 
shear  deflections  which  are  probably  increased  for  the  3D  materials 
over  the  more  horn  geneous  materials  by  the  numerous  small  cir¬ 
cumferential  delaminations  which  seem  to  be  more  prevalent  in 
them. 

2.  The  moduli  values  of  these  rings  seem  to  be  similar 
to  those  measured  in  the  ARP  program  on  coupon  specimens.  See 
the  last  four  columns  of  Table  8  for  the  AHP  data  range. 
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3 .  The  3DCC  station  4  ring  and  Kaman  ring  seem  to  have 
similar  retained  moduli. 

4.  The  felt  CC  station  4  ring  and  Kaman  ring  seem  to 
have  similar  retained  moduli,  but  this  conclusion  is  not 
quite  as  evident  as  for  the  3DCC  rings. 
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SECTION  V 


IMPROVED  METHODOLOGY 

As  this  program  on  underground  exposure  rings  proceeded, 
other  Air  Force  programs  had  been  developing,  such  as  the 
Carbon-Carbon  Design  Program  (CCDP ) ,  where  other  arcs  and 
rings  were  being  hit  above  ground  by  mag  fliers  and  high 
explosive.  It  became  apparent  that  the  underground  rings 
should  not  be  subjected  to  further  tests  and  certainly  not 
destructed  until  additional  tests  could  he  developed  using  both 
nondestructive  energies  (NDT)  and  nondestructive  (low  stress) 
types  of  mechanical  tests  (NDM)  that  would  not  further  damage  the 
materials.  Therefore,  the  work  on  the  underground  rings  was 
stopped  and  this  program  was  directed  toward  improving  those 
needed  additional  tests  including  eddy  current  (NDT) ,  circum¬ 
ferential  velocity  (NDT) ,  turntable  X-ray  (NDT) ,  curved  coupon 
compression  (NDM) ,  ring  segment  tension  (NDM) ,  and  ring  segment 
compression  (NDM) .  All  of  the  NDM  tests  may  be  used  to 
fracture  if  desired.  Recall  that  only  the  two  carbon  materials 
are  now'  available  for  further  evaluations. 


EDDY  CURRENT 


The  use  of  eddy  current  evaluation  on  the  two  carbon  raa- 
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terials  involved  the  application  of  an  old  technology  in  .a. 
new  way.  In  eddy  current  testing,  a  transducer  (coil  or 
double  coil)  is  held  close  to  a  material  and  couples  to  the 
workpiece  by  the  impedance  resulting  from  the  resistance 
and  reactanace  of  the  material.  Normally,  an  operating 
mode  is  selected  so  that  the  measurement  is  sensitive  to 
the  surface  of  the  work  and  surface  anomalies,  such  as 
small  cracks.  However,  it  is  possible  to  operate  the 
equipment  in  null-reject  and  at  a  frequency  such  that  it 
monitors  primarily  the  resistance  of  the  material  in  depth 
or  nearly  through  the  thickness  of  a  ring.  This  latter 
mode  was  chosen  so  that  in-depth  damage  to  a  ring  (from 
shock  loading)  would  be  related  to  instrument  output. 
Indeed,  an  extremely  tight  correlation  has  been  found  on 
arcs  and  rings  for  output  versus  impact  level.  This 
inspection  method  will  be  used  on  the  carbon-carbon  under¬ 
ground  rings. 
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CIRCUMFERENTIAL  SEGMENT  VELOCITY 


Another  NOT  method  was  found  that  correlates  the  damage 
in  the  rings  quite  well-circumferential  segment  velocity. 

In  this  technique,  the  normal  instruments  for  measuring  sonic 
velocity  are  used,  but  the  longitudinal  wave  is  introduced 
into  the  ring  over  a  circumferential  segment  about  3-1/4 
inches  long.  On  shorter  2 -inch  arcs,  the  technique  was  not 
successful  and  so  was  discarded;  however,  at  the  longer  segment 
lengths,  good  correlations  are  being  found  with  damage.  This 
technique  also  is  now  being  employed  on  the  underground  rings. 


TURNTABLE  X-RAY 

In  earlier  work,  axial  X-rays  were  made  on  groups  of  arcs 
and  on  rings  with  the  X-ray  aperture  at  (and  above)  the  geo¬ 
metric  center  of  the  general  field  of  view.  This  has  been 
altered  so  that,  in  case  of  a  ring,  it  is  rotated  under  the 
aperture  providing  a  direct  path  through  areas  (or  cracks) 
concentrically  positioned  in  the  ring  and  on  to  the  film  in  a 
normal,  or  90°,  approach.  Since  the  ring  is  rotated  under 
the  aperture,  the  method  is  called  turntable  X-ray  (TTX) .  The 
X-rays  are  sharp  and  a  picture  of  the  entire  ring  can  be 
presented  in  perfect  geometric  reproduction  for  overlay  com¬ 
parison  between  virgin  and  damaged  material. 


CURVED  COUPON  COMPRESSION 

Circumferential  compression  coupon  testing  historically 
has  been  accomplished  using  a  straight  specimen.  This  method 
yields  good  results  on  an  homogeneous  material;  however,  if  the 
material  is  a  composite  with  curved  elements  in  the  circum¬ 
ferential  direction,  results  from  straight  specimens  do  not 
give  the  best  results.  Moreover,  the  outer  fibers  of  a 
material  can  not  be  tested  using  a  straight  specimen. 

Testing  a  curved  specimen  has  alv/ays  given  poor  ultimate 
strengths  and  poor  estimates  of  other  properties  due  to 
bending,  which  has  invariably  been  associated  with  this  type 
test.  To  obtain  good  results  from  a  curved  specimen,  the 
bending  stresses  must  be  controlled. 
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The  technique  developed  at  SoRI  for  compression  consists 
of  testing  a  curved  specimen  with  fixed  ends  and  the  option  of 
restraining  lateral  motion  in  order  to  achieve  100  percent 
uniaxial  (P/A)  stress.  The  apparatus  used  is  shown  in  Figure 
44.  The  specimen  is  rigidly  fixed  in  the  grips  so  there  is  no 
motion  of  the  specimen  ends  relative  to  the  grips.  The  grips 
are  inserted  in  a  close  fitting  sleeve  which  allows  only  axial 
motion;  therefore,  load  to  the  specimen  is  applied  only  axially. 
This  basic  setup  would  still  allow  bending  in  the  specimen  and 
could  not  achieve  pure  compression.  To  restrain  the  specimen 
from  bending  a  latei-1  support  at  midspan  is  used. 


This  apparatus  allows  the  lateral  .load  to  be  varied  during 
a  run;  therefore,  the  capability  exists  of  running  compression 
tests  at  any  given  ratio  of  P/A  stress  to  bending  stress  that 
is  desired.  Some  stress-strain  curves  for  curved  compression 
are  shown  in  Figures  45  through  47  and  54.  Strains  on  Figures  45 
through  47  and  54  were  measured  with  clip-on  extensome ters 
located  on  the  edges  of  the  specimen  so  that  the  output  was  an 
average  strain  across  the  specimen.  Figure  48  summarizes  the 
results  obtained  in  the  test  fixture  on  the  influence  of 
repeated  cycling  on  the  initial  modulus  of  curved  3DCC  specimens. 
Figure  49  shows  the  results  of  a  run  on  a  3DQP  specimen  with 
strain  data  measurements  from  independent  strain  gages  on  the 
two  curved  surfaces.  This  run  illustrates  the  close  agreement 
possible  between  the  tv.’c  strain  outputs  (100  percent  F/A) 
by  using  the  lateral  support. 


Typical  results  shown  in  Tables  9  through  11  illustrate 
the  difference  in  strengths  for  curved  specimens  which  were 
unsupported  and  supported.  The  supported  runs  were  run  at 
approximately  60  percent  P/A,  (This  value  was  determined  on 
a  later  test) . 


The  results  obtained  at  100  percent  P/A  are  in  good  agree¬ 
ment  with  strengths  obtained  from  ring  testing. 

RING  SEGMENT  TESTING 


Ring  segment  testing  was  developed  to  yield  improved 
estimates  of  the  elastic  modulus  of  selected  sections  of 
virgin  and  degraded  rings  in  a  controlled  stress  field  and 
without  introducing  further  degradation.  Methods  used  in 
the  early  portion  of  this  program  were  ring  flexure  and 
hydrostatic  compression  or  tension.  Ring  flexure  evaluations 
provide  a  stress  field  that  is  essentially  bending  and  require 
assumptions  about  the  distribution  of  the  modulus  of  the  ring 
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since  the  entire  ring  in  stressed.  Hydrostatic  compression  and 
tension  evaluations  are  somewhat  sensitive  to  geometric  and 
material  imperfections  or  nonuniformity  and  tend  to  give  an 
average  of  the  entire  ring.  By  isolating  the  segment  of  the 
ring  under  test  from  the  remainder  of  the  ring,  the  new 
evaluation  method  eliminates  the  need  for  distribution  assump¬ 
tions  and  simplifies  the  data  reduction  methods. 

Basically,  as  shown  in  the  sketch  in  Figure  50,  the  entire 
ring,  except  for  a  small  arc  on  each  side,  is  completely  fixed 
in  the  fixture.  When  evaluated  without  lateral  supports,  the 
major  portion  of  the  stress  in  the  gage  sections  is  bending. 
When  properly  applied  lateral  supports  are  used,  the  bending 
stresses  are  reduced,  thus  giving  a  more  uniform  stress  field. 
By  using  strain  gages  on  the  inside  and  outside  surfaces,  the 
ratio  of  P/A  to  total  stress  may  be  determined  and  controlled. 
If  the  support  is  just  firmly  applied  before  testing,  the 
resulting  stress  distribution  is  approximately  50  percent  P/A. 
By  adjusting  the  supports  during  a  run,  the  ratio  of  P/A  to 
total  stress  may  be  maintained  at  any  level  desired.  Figure 
51  shows  the  results  of  tests  for  varying  percentages  of  P/A. 

RING  SEGMENT  COMPRESSION  (RSC)  -  This  test  is  run  using 
the  above  philosophy.  The  outside  support  is  used  during  a 
compressive  run  to  maintain  the  percentage  P/A  desired.  It 
is  important  that  support  adjustments  be  made  continuously 
during  a  run  and  that  they  be  removed  continuously  during 
unload  in  order  not  to  crack  the  ring  due  to  side  loading  or 
bending  stresses. 

RING  SEGMENT  TENSION  (RST)  -  This  test  is  run  essentially 
the  same  as  RSC,  the  main  difference  is  that  the  inside  surface 
supports  are  adjusted  to  control  the  percentage  P/A. 

RING  SEGMENT  RESULTS  -  Some  of  the  results  from  initial 
evaluations  with  the  fixture  are  shown  in  Figures  52  and  53. 

Two  cycles  of  a  compressive  load/unload  run  on  a  felt  CC  ring 
are  shown  in  Figure  52.  This  run  was  made  at  100  percent  P/A. 
This  figure  shows  that  permanent  deformations  may  be  induced 
and  the  effects  on  properties  for  subsequent  loadings  or  the 
cumulative  effects  studied.  Figure  53  shows  the  results  of 
load/unload  in  tension/compression  on  a  felt  CC  ring.  Again, 
the  runs  were  made  at  100  percent  P/A. 
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COMPARISON  OF  RING  TESTS  -  Two  3DQP  rings  were  used  for 
this  comparison.  These  rings  were  nondestructively  tested  by 
ring  flexure,  hydrostatic  tension  and  compression,  and  ring 
segment  tension  and  compression.  The  resulting  MOEs  found 
are  shown  in  Table  12.  It  can  be  seen  from  this  table  that 
the  agreement  of  hydrostatic  (pure)  tests  and  ring  segment 
tests  is  good. 
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SECTION  VI 


ADDITIONAL  EVALUATIONS 

The  experimental  techniques  (NDT  and  NDM)  described  in  the 
previous  section  have  now  been  demonstrated  and  are  operable. 
Under  CCDP  additional  data  on  the  two  3DCC  rings  and  two  felt 
CC  rings  from  the  underground  exposure  program  plus  the  rings 
of  each  material  from  the  AHCA  program  will  be  generated.  The 
full  program  to  be  run  on  these  rings  is  shown  below  and  will 
provide  the  final  analysis  to  this  program.  Of  course  a  portion 
of  this  work  has  already  been  accomplished  and  some  of  those 
results  are  included  in  this  report.  It  is  extremely  fortunate 
that  the  underground  exposure  program  permitted  these  refinements 
and,  thus,  a  better,  eventual  analysis  of  the  results  of  under¬ 
ground  nuclear  exposure. 


MATRIX  FOR  3DCC  AND  FLLT  CC  UNDERGROUND  EXPOSURE  AND  KAMAN  SCIENCES 
EQUIVALENT  RINGS 

A.  Nondestructive  Testing  (NDT) :  density,  turntable  X-ray, 
ec’dy  current,  circumferential  velocity,  radial  velocity,  and 
radial  attenuation, 

B.  Nondestructive  Mechanical  Evaluations  (NDM) . 

1.  Ring  flexure. 

2.  Ring  hydraulic  compression  (buckle  measurements). 

3.  Ring  hydraulic  tension. 

4.  Ring  segment  compression  at  40  percent  and  100  percent  P/A. 

5.  EME  (Kaman  test). 

C.  Cut  to  three  subrings:  0.6  inch  height,  about  0.35  inch 
height,  and  about  0.35  inch  height?  remove  edge. 

D.  Prime  NDT  on  each  of  three  subrir.gs . 

E.  NDM  on  each  of  three  subrings. 

1.  Ring  flexure. 

2 .  Ring  hydraulic  compression  (buckle  measurements) . 

3.  Ring  hydraulic  tension. 

4.  Ring  segment  compression  at  40  percent  and  100  percent  P/A. 

5.  EME  (Kaman  test). 
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F.  Slice  three  subrings  to  in/out;  0.150-inch  in  and  0,150 
inch  outer, 

G.  Prime  NDT  on  three  subrings  in/out. 

H,  NDM  on  each  of  in/out  of  each  subring. 

1.  Ring  flexure. 

2.  Ring  hydraulic  compression  (buckle  measurements). 

3.  Ring  hydraulic  tension.' 

4.  Ring  segment  compression  at  40  percent  and  100  percent  P/A. 

5.  EME  (Kaman  test). 

I,  Destructive  evaluations  on  center  subring  (may  add  a  hard 
test) . 

1.  Inner:  hydrau3.ic  tension. 

2.  Outer;  ring  segment  compression  or  hydraulic  compression, 

J,  Destructive  evaluations  on  end  subrings, 

1.  Inner:  hydraulic  tension  or  ring  segment  tension. 

2.  Outer:  ring  segment  compression  or  hydraulic  compression, 

K.  NDT  of  remnants . 

Notes : 

1,  Key  rings  to  arcs  per  other  work  before  step  I. 

2.  Key  end  point  tests  are  on  "center"  rings;  "edge" 
rings  for  additional  information  if  uniformity  all 
right . 


j 

j 
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Figure  2.  AVCO  R6300  -  Single-Phase,  2D,  20-Degree  Angle 
Tape" Wrapped,  Carbon  Phenolic 
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Rear  Delam 


Bulk  Delam 


Mia  Delam 


Rear  Lift 


Front  Face  Crack 


Front  Radial  Recession 
(Bulk  Expansion  cf  Laterals 
Toward  Front  Face) 


Rear  Radial  Recession 
(Bulk  Expansion  of  Laterals 
Toward  Rear  lace) 


Front  Yarn  Lift 


Raised  or  Missing  Yarn  From 
Front  Face 


Resr  Yarn  Lift 


Raised  or  Missing  Yarn  From 
Rear  Face 


Front  Crush 


Matrix  Spall 


Figure  5,  Definition  of  Structure-Change  Terms 


Figure  6,  Ultrasonic  Attenuation  Setup  Using  the  Pulsed 
Through-Transmission  Technique 
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Figure  10.  Thickness  Variation  for  Ring  83301-305-1  from  AVCO  R6300 


11.  Sketch  Showing  Inspection  Results  on  Ring  83301-400  from  AVCO  R6300 
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Note:  Matrix  eroded  and/or  melted  270-0-75° 


Radial  View  of  Outer  Surface  at  0° 
<2X) 


Figure  14.  Photograph  Showing  Outer  Surface 
of  Exposed  Ring  83301-305-1  from 
AVCO  R6300 
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Figure 


Edge  View 
( 5X) 


Note:  Circumf erentials 
straighter  and-  residual 
porosity  lower  than 
previous  AHP  materia! 


15.  Photograph  Showing  Typical  AVCO 

3DCP  for  Rings  1,  2,  4,  8,  9,  and  11 
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Radial  View  -  Outer  Surface 
(1.5X) 


Figure  17.  Photograph  Showing  Visual  Resin- 
Starved  Areas  Around  Radials  in 
Ring  2  from  AVCO  3DCP 
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figure  18. 


Photograph  Showing  Bumped  Outer  Edge 
on  Ping  2  from  AVCO  3DCP 
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Radial  Visv;  -  Outer  Surfac 
(1.  !3X; 


Fiyure  19,  Photograph  Showing  Visual  Resin- 
Starved  Aroas  Around  Radials  in 
Ring  C  from  AVCO  3 DOT 


42 


U) 

0 

P 

O 

z 


fd 

p 

<L‘ 

c 

0> 

o 


0 

p 

<0 

H 

0 

U 

u 

o 

o 

’/) 

O' 

c 

•H 

HD 

in 

<1) 

P 

u 

0 

£ 

•H 


C 

O 

•H 


G 

0) 

*«H 

P 

O 

G 

O 

*H 

TO 

U) 

*H 

£ 

to 

c 


3J 

•H 

<d 

1 

to 

p 

G 

p 

05 

•H 

93 

10 

rH 

t 

M 

TJ 

O 

*rH 

0) 

C 

93 

r0 

fd 

93 

93 

p 

td 

0 

rH 

p 

G 

fd 

to 

*H 

0 

0 

> 

3 

G 

0 

o 

0 

p  V. 

rH 

*H 

to 

0 

to 

0  rH 

p 

*H 

C  P 

o 

E 

0 

c 

to 

P  0 

1 

G 

C  rH 

1 

<0 

0  CP 

c 

P 

Ch  c 

o 

P 

rH  *H 

•H 

0) 

p 

rH 

.c 

fd 

<n 

p  >i 

p 

-H 

0  G 

G 

93 

e  « 

0 

0 

•H 

•H 

P 

P  mh 

P 

H  O 

O 

0 

I 

rH 

> 

O' 

•H 

C 

g 

O  P 

, - V 

«•  -rH 

0  0 

C 

U  N  H 

tO  H 

0 

0  fd 

1 

Q) 

•H 

to  ••  rj 

-s.  ri 

•sr1 

■  1 

rO  ^  ’ —  CD r 

*» 

G  to 

3 

•  P 

E  *H 

*H 


■H  C  C 

r>  u 
c  p  P 

P 

o  * 

>1  £ 

4J  4J  H 
•H  0 

O  u  -H 
OOP 

rH  MH  Q> 

0) 


>  Q>  0 
tr»  e 

rH  fd 
P  P 
0)  0 
>  * 
'  O 


C  P 
•H  G 
fD 
C  P 

•H  +» 

<1>  W  vx> 

>i  C  0  O 

P  0  S  -T 
•H  Pw 
U  >i*H 
O  TJ  -G 

#H  C  O*  II 

0  <0  <TJ 


E  P 
Cn  0) 
■P 
<d 
£ 


<0 


f0  ^ 
<n  *c 


-H  rd 
fd  3 


P  >i  G 
tr>P  3 
O  -H 
(0  P 


os  ■ 


O 


H  to  93  c 
x  -h  *a  o) 
<  >  Pi  Q 


r\j  n-)  <rr  up  <x> 


a 


I 

i 


to 

Q> 

0) 

P 

CP 

0) 

o  , 


G 

O  O 
•H  93 
P  *H 
(0  to 
P  P 
C  3 
0  O 

•rl 

P 

o 


a* 

u 

Q 

co 


O 

i 

£ 

O 

p 

44 


CP 

G 

-H 


to 

P 

H 

3 

m 

0 

G 

O 

-H 

P 

o 

0 

M4 

10 

c 

M 

CP 

c 

•H 

o 

A 

to 

.c 

o 

-p 

0) 

X 

w 


E 

M  x  o 

oi  0  P  -P 
.  o  3  flj  ^ 

w  c  o 

H  £H 


o 

OJ 

0 

P 

3 

t)' 

-i H 
fM 


o 


o  e 
^  ^  o 

n  <U  P  p  0 

S4^  P  )-;  P  & 

£  S  3  3  °  ^ 

H  w  O  W  CQ  r4 


n 

<D 

> 

u 

Ul  flj 
P  P 
C  cn 

o»  in  ^ 
E  ch  w 
C  -H  flj  ^ 
&>  </>  -H  ^ 
•P  <U  T3  * 

ri  p  QJ  O 
H3  >j 


H  T3  XI 

«j  a»  c 

3  P  0 

WOO 

■H  1)  ^ 

>  C  ^ 

C  00 

rH  o  l/>  ^ 

fl  (J  «tl  <0 

u  c  at  • 

0  0  M  ° 


QJ 

ij  ^  1. 

C 

0)  0  0 

« 

fO 

p 

f-H 

F,  (T- 

T3 

o 

c: 

d  5^  • 

n  d 

at 

O 

Q) 

.0  -H  C 

■H  0 

> 

a) 

q  -h 

ut  », 

o 

•>i 

p  - 

a 
• — 1 

<N 

c 

tr» 

Cf  <  u>  -v 

0)  <u 
h<n  ; 

<D 

nj  d 

o  >? 

P 

QJ  0  O 

d  s  j 

<n 

M  O 

flj  -C 

1  -4  / 

-2r 

p. 

Q)-.-4 

u;  P 

qj 

QJ  1 

IT e+f 


m 

CO 

<N 

<N 

in 

QJ 

QJ 

0 

U 

p 

tr 

> 

< 

at 

a 

d  qj 

•H  *H 

£ 

0 

H 

O 

t> 

OJ 

M 

c: 

c  0 

C-l 

•r4  *0 

P  -H 

*5’ 

C 

<n  to 

rs 

p  p 

C  *3 

Q 

■H 

M 

O 

in 

6 

P 

'rf+§ 


a  j.i  n.  <u 


>  •  -f1  e  -h 
:  c  w  o  m 

)  H  ^  \  .H 

'  ,  e  u 

»  C  t  Cr  *U 

I  H  P 

-  m  <n 

I  >1  CM  .  i  e 

:  P 

i  -h  r.;  .  |= 

i  0  — rH  p 

I  O  o 

1  H  -i-1  f,  ‘«M 

i  a1  0  -h 

>  fd  >i  c 

J-l  4-  0 

rH  4J  -P 

TJ  QJ  Vi  P 

■h  ^  c;  w 

>5  QMl  O 

<  p«  a  s: 


■011  U)  ~Prr\  P  ^ 
<K«H  u'  rtf  •  V  w  “ 
h>tjvj  '  j  ro 
*  P-!  n>  Q)  |  J=  • 

*■>  'QTJP  O^O  O 

5p  m  o  oj  >  p 

>-t  04-iQHh 


i 


F  c  n  W 

0  C  I  (It  <J  (J 

V  H  >  >  C  H 


X>  P  G  rt  0)  X 

>  0  H  JJ  E  flj 


"It?  m 

It'  ^  ■ 


t?  a;  n 

<  atT)  u 

I  >  P  c  "Oirt 
:  p  0.01H-*,  — T - 

> 


W«J><A2E 

I  a  U)  ^  p  *VM  o 
:  h  to-r,  ato  u 

w  a»,D p  »p 
at  p  iri  p  p  e  o 

U  crt  P  O  ifl-Hp 


Tte 

?4;U 


x  6 

MG)  4-? 

•—  C5  *0  P  P 
O  C.  Id  C 
CO  H  Cj 


44 


H 

( 0 

CJ 

4J 

73 

E 

Vh 

0> 

o 

rH 

<D 

0) 

+J 

•P 

O 

71 

c 

H 

\D 

1 1 

73 

o 

V 

M 

<0 

Cp 

V 

O 

c 

73 

•H 

in 

73 

75 

a) 

GJ 

U 

o 

(0 

u 

0) 

'tsT  ' 

X 

CP 

■0 

*H 

rH 

X 

UH 

0» 

CQ 

rH 

73 

CP 

1 

c 

73 

♦H 

03 

to 

73 

73 

o 

73 

G 

c 

73 

•H 

0) 

rH 

C 

73 

O 

0)  CO 
>  :* 

in 

03  73 

10 

M  rH 

•H 

4H 

E 

c 

10 

O  4> 

c 

•r4  i — | 

73 

•P  tP 

M  *  1 

w  G 

o3  -p 

O 

5  -H 

10 

<D 

P«  10 

Z3  «— 1 

(0 

to 

\  73 

a 

G  O 

*  *H 

•H 

G  73 

• 

E 

•H 

c 

-P  73  U 

n 

•H 

C  03  \ 

G 

73  H  E 

-rH  d) 

C 

P  73  & 

> 

•H 

4->  03 

03  >  CD 

4-3  -P 

G  0y  rH 

-h  m 

4J 

03  M  rn 

U  rH 

■H 

a 

o  q>  q 

O 

*"  i  • — t 

rH  M  O 

o 

'O  xz 

0)  -H 

H 

can 

>  0»  -P 

<v 

73  n3 

10 

cp  m  > 

U  >, 

<u! 

1  rH  7?  3 

h  tr-4J 

^  j 

73  3h  G 

rH 

n  o  -h 

0 

•H  O  0) 

P  -H  tO 

7J  >  4-’ 

•H 

10  73  G 

73  <  4-> 

•H  73  03 

i — i 

73 

>h 

'  Tj 

< 

>  K  Q 

03 

c 

fll 

Q 

$ 

rH 

CV 

3. 

4  . 
5. 

03 

O 

E 

jh  o 

o 

03 

0)  OH 

4J  0) 

a  cp 

43  G 

4~>  tP 

O  73 

p  p 

O  73 

Eh  W 

O  co 

m  w 

<D 

M 

3 

CP 


45 


22.  Sketch  Showing  Inspection  Results  on  Ring  83301-200  from  AVCO  3DCP 
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Figure  24.  Sketch  Showing  Inspection  Results  on  Ring  83301-305-2  from  AVCO  3DCP 
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Sketch  Showing  "nspection  Results  on  Ring  83301-305-3  from  AVCO  3DCP 
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Extreme)'  ''igh  residual  porositv 
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Axial  View 
(5X) 
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Extremely  high 
residual  porosity 
along  radials  and 
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Axial  View 
<5X) 


Figure  27.  Photograph  Showing  Typical  AVCO  3DC/0P 
in  Rings  83301-202B  and  83301~305~5 
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Note:  Missing 

pieces  of  axials 
and  circumferen- 
tials  typical  on 
outer  and  inner 
surfaces 


c.  Radial  View  -  Outer  Surface 

( 2X ) 


d.  Radial  View  -  Inner  Surface 
(No  Scale) 
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Between  One  Side 
of  Radial  and 
Axial -Typi cal  for 
Inner  Surface 


Figure  ?7  Continued. 


£ 


i 


Si 


•¥  itVhiiih  i  li'wmr  j£*fr»aiifliaflfiaii«aB 


High  frequency  of  delaminations 
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figure  30.  Photograph  Showing  Typical  AVCO  3DCC 
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Figure  32.  Sketch  Showiria  Inspection  Results  on  Ring  1109-35-3  from  AVCO  3DCC 
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igure  33  Continued. 


34.  Photographs  Showing  As-Received  Ring  1109-35- 
AVCO  3DCC  After  Exposure 


Figure  34  Continued. 


a.  Axial  View  -  Bottom  Edge 
(2.  5X) 


■  Missing  sections 
of  matrix  and  circum- 
feronti  .If;  over 
radial  f;  lor;  led 
60-150 r'  in  bottom 
edge 


Axiul  View  -  Bottom  Edge 
(  2 . 5  X ) 


figure  36. 


Photographs  Showing  Structural  Change  After  Exposure 
in  King  1109-35-2  from  AVCO  3DCC 


c.  Axial  View  -  Botto’n  Edoe 
(2.5X) 


-  Single  0.34  in. 

long  ci rcumfcrcnti a 
crack  located  in 
bottom  edge  0.25  in 
from  inner  edge  and 
at  60-65° 


1 

at. 


d.  Radial  View  -  Outer  Surface  at  O' 

(IX) 


figure  35  Continued. 


1-3/4  in.  Discolored  (dark) 
areas  located  at.  75-90°  and 
240-255° 


Dad j al  View  -  Outer  Sui face 


litjiUL-  35  Continued. 


C4 


a.  Axial  View  -  Bolttvi  Kdge 
(2.SX) 


F inure  36. 


Photographs  Showing  Structural 
Change  Alter  Kxposure  in  King 
1109  -33-3  from  AVCO  3DCC 


e.  315° 

Axial  View-Bottom  Edge 
(2 . 5X) 


Figure  36  Continued. 
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Sketch  Shewing  Inspection  Results  on  Ring  9N-2  from  Sandia  Felt  CC 
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(No  Scale) 

Radial  View  -  Outer  Surface  Near 


Figure  41  Continued 


t  <'/*#•  <ua»K.K.ut£|(<a«p*',r 


-  'hi*  -  T\**-»«^si»»j-fv;'s*‘ 


Note;  Bottom  edge  was  slightly  more  porous  at  275-0-45°  location. 


Axial  View  -  Bottom  Edge 
(2.5X) 


Figure  42. 


Photographs  Showing  Structural  Change  After  Exposure  in 
Ring  9N-2  from  Sandia  Felt  CC 
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Note:  No 

significant 
structural 
change  such 
as  cracking. 


a.  0° 

Axial  View  -  Bottom  L'c’ce 
(2.5X1 


(TV 


Axial  View  -  Bottom  Fdge 
(SX) 


20  mil  voids 

"I  VS  r.  <  •  v  i'  .  _  -  1  .  ■> 

3UJ.  r.  uCe  iucdtf-ic 

240-255°  and  270° 


Niqure  47.  Photographs  Showing  Structural  Change  After 
Lxposure  in  Ring  9P-?  from  SanJia  Felt  CC 
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Material  removal  and  discoloration 
in  exposed  zone  located  approxi¬ 
mately  270-0-90°.  Porosity  and 
surface  texture  near  normal . 


Figure  43  Continued. 


Grip  Hold-Down 
Hardware 


Curved  Specimen' 
100  Percent  ?/A 


Comparison  of  Initial  Portions  of  Stress-Strain  Curves  of  Several 
Compressive  Evaluation  Methods  on  Felt  CC  Material 


Circumferential  Compression  3DCC  Curved  Specimen  5-0  oupported  Latlrally 


Circumferential  Compression  3UCC  Curved  Specimen  4-0  -  No  Lateral  Suppor 
Showing  Cumulative  Effects  cf  Repeated  Loading 


<Str<!*»  flO1  p«i) 
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Segment  Compression,  Ring  #1 


Tensile/Compressive  Cycle  of  Felt  CC 


TABLE  2 

NDT  AND  MONITOR  INSPECTION  RESULTS  ON  AVCO  P63C0  RINGS  BEFORE  AND  AFTER  UNDERGROUND  NUCLEAR  EXPOSURE 
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Trime thylpentane  was  used  as  the  penetrant. 


TABLE  3 


NUT  AM>  HON  1  TOR  KtEUl 


,T§  ON  AVCO  30CP  RINGS  BEFORE  UNDERGROUND  NUCLEAR  E3tPOc'JkE 


Sulk  Oufihlty 

(on/crn'l  1  Sc.tl  Orientation] 
(iclulc  TIui  (0«4.) 


;  1 , 4 1 1»  ; 


45 

>0 

ns 

lac 

225 

270 

315 

Mean 

ad 
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90 
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2"»& 
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Hear, 

ad 
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45 

90 

135 

ISO 

225 

270 

315 

0 

45 

90 

135 
180 
225 
2-t- 
J 15 
Mean 
•  d 

0 

45 

90 
135 
180 
225 
270 
315 
He  an 
■  d 


Axial  Velocity,  Radial  Velocity 
(ln./uasc)  (in ./p»ec) 

A# fore  Xfter  Before  KTter 


_ L 


0.3(58 
^ .  37 10 
0.3(87 
0  3(91 
0.3822 
0.3711 
0.3735 
0.3(87 
Q.  3713 
0.0050 
0.3695 
0.3(51 
0 . 3(50 
0.3652 
0.3675 
0.3085 
0.36(9 
0. 3719 
0. 3(74 
0.0024 


0.3562 
0.3549 
0. 3530 
0.3571 
0.3563 
0.3516 
0. 3690 
0.3665 
0.3583 
0.00(4 


Redial  Ultra 
Transmission 
(addid  db) 
Before  Xfter 


0.1(46 
0.1684 
0.1(33 
0 . ) 640 
0.164.* 
0.163B 
0.1(41 
0.1(43 
0.1(46 
0.0016 

0.1595 

0.1(15 

0.1(59 

01646 

0.1673 

0.1642 

0.1625 

0.1638 

0.1637 

O.OOL5 


0.1639 

0.1706 

0.161P 

o.:f' 
0. 1715 
0.1(25 
0. 1714 
0.1748 
C. 1600 
0.0048 


26.5 

24.5 

74 

23 

24.5 

25.5 
27 

26.5 
25 
1.4 

28. 5 
27.! 
27 

27 

28 

28.5 

28.5 

28 

28 


25 

23.5 
22 

2  4.* 
23 
22 
23 

25.5 

23.5 
1.3 


After 
Thlc/knota; 
Profile 
linen) 


Visual/X-ray ,  Liquid 
Penetrant  Reaulta 


Back? round « 

l.  Material  9oneral  ; 
AHP  3DCp  report*-’ 
AFKL-TR -7  2-160. 


similar  to 
in 


p’_  in  force 
placed . 


kit  was  vorkmanly 


Material  in  Rings  1,2. 4, 8,9. 
end  11  had  lower  porosity 
and  straightar  circa  than 
AHP  materiel,  rigure  15. 
Materiel  in  Rings  83301-200, 
83301 -202A,  63301-305*2,  and 
•3301-305-3  had  extremely 
high  reaiduel  poroaity  along 
redials.  Figure  16. 


Before-Exposure  Variations i 
♦1;  No  flaws 


1.  Ream  starved  areas  arout.d 
radial*  on  outer  surface  by 
vision  at  following 
locetiono : 


SoRl  orien. 

-A***-} 


Location  from 
Bottom  Edge 
<ln.) 


30  -  45 

0,5  -  1.6 

70  -  100 

0.4  -  0.9 

170  -  195 

Bottom-Top 

3, 


Figure  17  shows  typical 
Volume  oriented  lov-abeorp- 
tiue  alignments  by  axial 
X-ray  located  at  SoRl 
15-65"  and  70-105*. 

Single  0.1  inch  long  lov- 
*b sorptive  alignment  at 
SoRl  C’  by  axial  X-ray 
Top  outer  edge  hod  been 
bunpw  i  resulting  local 
mat r ix/re in for cement  inter, 
face  failure.  Figure  18. 
Bumped  area  measured  0.4 
inch. 
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[ABLE  3  COWfiyUBD 


Axial  Valrcity 
( ln./>  .*©c ) 

Before  ATter 


Aitar 

Ttiicknata 

Prc-fii*  Vi*ual/K-ray,  Liquid 

(inch!  Panat.rant  Aaaults 


M**ln  starved  «ta«i  around 
radial*  on  outer  and  inn*? 
surfaces  by  vision  at 
following  locations i 


SoRI 

Sutfac*  Ori*-». 


Location 
from  Bet to* 


1.  No  af tar-hit  J’DT  -  application  r*dir*ctad. 

2*  Work  atoppad  and  application  radlracted  on  Uiia  ring  aftar  unaapactad  fallura  of  3DC/QP  rings  In 
flyer  plat*  tasting  at  Hainan. 

3.  Ty i as thy 1 pan tan a  wap  uaad  *■  tha  liquid  paratrant. 


TABLF  5 

WDT  HOW  I  /'OR  JNSrSCTlCK  RESULTS  UK  AVCO  3DCC  RINGS  WOHJE  KWT  JUT71R  IWLKRGROUNO  NUCLEAR  KX/O&URiC 
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45 
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31S 
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id 

1  0. 3749 
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0.0040 
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0.  13)1 
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0.0071 

J. 

0 . >401 

0.2432 

0,2475 
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0 . 2415 
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0.0042 

0.214C 
0. 2193 
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0.2147 
0.2101 
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0.2137 
0.2263 
0.2179 
0.0046 

21 

14 
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14.3 

20.5 

16.3 
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14 

2.1 

24.3 
22 

22 

23.3 
22 

2) 

21 

19 

22 
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Sea  Note  3 

1 

I 

Background : 

1'  lUirtforCanent  lay  up 

Ni'rkun  Ilka,  and,  in 
general,  Material  wai 
ainilar  to  AHF  3DCC 
rap or  tad  in 

AJTKL-TR-72-160  . 

The  frequaney  of  dclama  along 
Circa  was  higher  than  for 

Ahi*.  Fig-ir*  30.  ihe  delana 
w*r«  uniformly  Caati  lit u tel 
:<U  ouyhout , 

2.  wjcaaional  mjaeinj  radial* 
in  machined  surface. 

B*fo~«-ExiJoaur«  Variations; 
llQ9-35-2«  No~flnwa.  Background 
circ  d*la»*  a*?*t  frcquunt  fro® 
30-315*. 

110»-35-3i  No  flaw*.  Swereii 

Oi  u^  ground  circ  dal  am  vara 
i'H.itad  1. 1  35-L7S0 * ,  190  *?33*  . 
ard  263->)0°. 

30RI  Daalyr,a'_ad  Exposure  £ 
Location* i 

1109  13-2 i  r oR J  315* 

“oRi‘  320* 

■?xP°,ur#  Structural  Change, 

lu  TVi.aing  ar»d  raiaaJ  radial* 
lc  rtad  U'-O  U*.  Figure  35a 

2.  Spallad  Pactions  of  Matrix 

met  over  redial*  lo- 

W«iv«  .  viouxa  .•5-U  au-isu*. 

3.  *irv  a  C..4*  ic»-q  circ  crack 

-ac1  0.?3*  i:on  inner  edge 
*  o0-45*  M  turo  33c. 

4.  t.  isrnll)  ,  a  \4enc-s  of  circ 
crocking  ulong  pte-axisting 
Circ  ualaau  C.-«p;  -fly 
around  ring. 

a  i  T. jo  Sag*.*; 

Wo  apparent  alrjck.ur.il  chang* 
froni  unhargroune  teat 

C»  Outvr  6urLet#; 

1.  Occasional  front  yuru  lift 
located  a\  300-0-4: - . 

Figure  J5d. 

2.  Single  1*3/4*  4iac-.\ored 
(dark)  oicau  locate.?  at 

73*90*  and  k4«3-235*,  Figure 

35*. 

Di  Inner  Cur  face 

No  apparent  atruccuir\  change 
Not«i  Panei.it*  t  ;i,aorption  in 
tJia  *  ^v;c  higher  in 

the  *u  ion*  of  thia  | 

ring. 

VhMlA.  5  1XWMUZ1’ 


rigm& 


(talk  Ornfiily 
(qw/ca  *  | 

»»  loro  Mt 


Ol 

it**, 


I  Ya  1  nrl  i y  lAd.ii  '>  VaJkaultl 


kadi*!  «iurw  t*A*m 
}rv *r*mi+*lA*  rifeAnMna 

kilura  Attar  1  ><A*nfv) 


Bi.aoal/* -.ray /Liquid 


0 .  U2J»  j  u .  t tat  I  o  -tat. ; 
0.1711  IC.BM2  D.AM3 
0.  3 tat  SC  JAM  ■« 
t,taI0|t.«M  IJIN 
e  .IMt  |J  *W7  CA01 

o. fm  lo.«w  «.mm 
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0.3774  0.I5U 
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I  0.0012  0.0012  O.QOFU  1  0 . 0040  jl.7  J  2  .4 
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CJMB  W.« 
1UU  M.s 
12 /S 

*UJM2  U 
0.1191  M 

0.24U1  23 

•0^376  .  21.3 
C . 2371  '  22 


J _ I. 


"i.  Ho'-is-i  EHi>oeure  £tes  «t  .J3X*  -  All  aitac  < 
*cjKl  il5*. 

7.  T  i  iPM.i.tiylp«Rt4i>r  wa*  umI  a*  t±-  Jtafuld 
3.  Ti.icinra*  prcfll«a  **>#d  on  tttaji  valua*  tom  m 
tsi  rnna  bottom  «lf**  maA  «t  an»ir  tff  riA*rt4 


UJ13-35-J 

At  Aartfca—  «*pa: 

2.  Minting  am)  jrai*ad  radial ■ 

*1  0-10* ,  Figure  Ma 

?. ,  .fiaMraily,  indlRiUoni  of 

<ncacking  within  pv-a-axi^ti  ,iq 
nxrc  deluu  camp  lately  around 
■fing  with  occurring 

41  2S5-U-45*,  Figut Jbfcw 
C .  A,  ani  4. 

3.  'tti_a*.Yi\g  Matrix  batwaau  ajtial* 
*wd  wi>a*inc,  and#  Of  aai>l* 
h#t wmar  r*d  ' ala  locatad  nu> 
autar  -adge  «t  3^0-0  -15“  . 

%  i  Top  -Mg*  ? 

Mwtauwilly,  indloationa  of 
joaaoklng  within  px*-a*i»tinu 
cm  tei«t,n  ooispl«t<»\y  around 
xlag  with  a* vara at  occurring 
At  300-0-7 j*  ,  Figuraa  Sfcf, 

>4,  and  h. 

C ;  Outar  Bur  fro*  t 

frant  lift.  Jooat-»d 

jfQt-vXMBO*  iTAgura  34  i. 

A:  imwi  Burfio*. 

*o  4pj»«rrnt  auuctura l  change 

taxaai 

1.  Alia!  h-i*y  ravaalad  a  1-1/2" 
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TABLE  6 


MOT  AMD  MONITOR  INSPECTION  RESULTS  ON  SAND1A  FELT  C C  RINGS  BEFORE  AND  AFTER  UUDZKGROUNP  EXPOSURE 


Ring 

NO, 

Bulk  D 
(gn/c 

Before 

entity 

w  ) 

Af  t.Bf 

Orien¬ 
tation  1 
(Deg) 

Axial  V 
(in./ 
Before 

elocity 

usee) 

After 

Radial  Velocity 
(In. /uaec) 
Before  A' ter 

Radial  ultra 
Transmission 
(Added  db) 
Before  After 

Af  ter 
Thickness 
Profile 
( inch) 

Vi*ua.l/X-ray/Liquid  Penetrant  * 

Result* 

9N-2 

1.113 

1.814 

0 

45 

90 

135 

180 

225 

270 

115 

Mean 

id 

0.1153 

0.1157 

0.1157 

0.1174 

0.1164 

0.1171 

011.6 

0.1166 

0.1165 

0.0009 

0.1131 
[0 . 1139) 
0.1136 
0.1161 
0.1145 
0.1131 
0.1147 
0.1166 
0.1155 
0.1146 
0.0013 

0.1197 

0.1221 
0.1171 
0.1145 
0.1181 
0.1212 
0.1204 
0.1177 
0. 118U 
0.0025 

0.1117 

(0.1162) 

0.1166 

0.13C9 

0.1183 

0.1199 

0.1194 

C.1J37 

0.1100 

0.1166 

0.0036 

52 

51.5 

51.5 

51 

51 

52 

52 

52 

51.5 

0.4 

49 

4S\5 

49 

49 

49.5 

49.5 

49 

49 

45 

0.2 

See  note  3 

Background : 

Uniform  and  typical  Felt  cc 

Residual  porosity  to  approx. 

12  nils.  Figure  37a  and  b. 

Before- Exposure  Variations; 
ss--r,  — 

1.  llk.v  low-Abtorptivo  Alignment, 
by  axIaI  X-r.y  loc.ted  At  ilO  - 
I2i|  (SoRI  30  -45*)  And  l?o  - 
*50*  (Sunl  50  -  liC  ’  a  riQint1 

36. 

2.  Single  0.15  inch  long  rejial 
low-absorptive  alignment  by 
axial  X-ray  -  extends  Iron  outer 
surface  and  located  at  255* 

(SoRI  175*) . 

9P-2: 

Single  1/4  x  1/2  inch  low- 
absorptive  area  by  axial  X-ray 
located  n»  r  inner  surface  tnd 
at  225°. 

101 


TABLE  6  CONTINUED 


Ping 

No. 

Bulk  Denaity 
(gm/cw* ) 

Before  After 

Orien¬ 

tation1 

(Deg) 

Axial  Velocity 
(in* /need 
Bafore  After 

Radial  Velocity 
(in./weec) 

Before  After 

Radi.)  Ultra 
Tranamiaaion 
(Ade.a  db) 
Baton  Alta." 

After 

Thickness 

Profile 

(inch) 

Vlaual/X-ray/Liquld  * 

Ranatrant  Ratulta 

9P  2 

1.830 

i  .4)0 

0 

45 

90 
135 
180 
225 
270 
315 
Kean 
a  <3 

1 

0.1109 

0.1157 

0.1146 

0.1150 

0.1163 

0.1160 

0.1173 

0.1136 

0.J150 

0.0020 

0.1097 

0.1089 

0.1123 

0.1134 

0.1150 

0.1136 

0.1126 

0.1127 

0.1123 

0.0020 

0.1) 80 
0.1166 
0.1136 
0.1158 
0.1143 
0.1154 
0.1161 
0.1235 
0.1167 
0.0031 

0.1173 

0.11*4 

0.1208 

0.1186 

0.1171 

0.1182 

C .  1249 
0.1095 
0.1177 
0.0044 

52.5 

51.5 

S 

52 

52 

52 

52 

52 

0.3 

50 

51 

50.3 

50.5 

51 

si 

51 

50.5 

50. 5 
0.4 

See  note  2 

SoRI  Designated  Exj/osure  £  Jaocstlont 
9fn7  Eohi  2T0*" 

9N-2 i  SoRI  0* 

Aftei -Exposure  structural  Change: 

5iTTT - - *“ 

No  significant  structural  change 
revealed.  Material  located  on 
the  bottom  edge  at  275  -  0  -  45“ 
was  slightly  more  porous  appear¬ 
ing,  Figuie  42a  shows  bottom 
edge  at  0*.  Also,  material 
located  in  outer  surface  at 

270  -  0  -  90®  was  slightly 
discolored  (dark) ,  and  texture 
was  rougher.  Figure  42L  *nd  c. 

9P-2: 

Ai  Bottom  Edge.- 

1.  No  sign  if leant  change  such  as 
cracking.  Figure  43a. 

2.  Porosity  slightly  higher  due 
to  20  mil  and  smaller  voids 
located  270-0-90- . 

3.  20  mil  voids  in  surface 

(located  240-255*/  and  270*. 
Figure  43b. 

B,  Top  Edg* : 

1.  No  significant  change  such  as 
cracking. 

2.  Entire  edge  showed  streaking 
discoloration  (dark)  with  moat 
apparent  occuring  at  345-0-60* 

3.  Single  80  mil  chip  in  outer 
edge  at  315*  ,  Figure  43c. 

C,  Outer  Surface: 

Material  removal  and  discolor¬ 
ation  located  at  exposure  rone 
approx.  270-0-90*.  Effects 
were  continuous  frer*.  top  «dgc 
down  to  approx.  0.10  inch  from 
bottom  edge  resulting  in  a 
ridge  of  virgin  appearing 
material  running  along  the 
bottom  edge.  Figure  4 3d  and  e. 
There  was  no  significant  change 
in  porosity  or  surface  texture 
in  the  exposed  rone. 

D,  Inner  Surface; 

No  structural  change  revealed. 

Notes : 


SN-2  exposure  g  was  at  SoRI  280*.  All  other  monitor  date  were  measure  at  45*  increment! 
starting  at  SoRI  270*  except  as  noted. 

2.  Trim# thy lpen cane  was  used  as  the  liquid  penetrant. 

3‘  profiles  based  on  average  values  from  measurement!  at  15-degree  increments  located 

1/4  inch  fro*  top  and  Lotto*  edgec  and  at  center  of  rings; 


959 

Ring 

D 

21V 

300* 

315* 

L_J,0‘ 

BSESIBi 

30* 

45* 

60* 

B 

90* 

9N-2 

0.4991 

0.4914 

0.4977 

0.4975  1.4974  D.4972 

0.4977 

0.4983 

0.4991 

— 

0.4991 

C .  4990 

9P-2 

0.4992 

#. 4«i0 

0.4970 

arm 

ami 

6.4974 

0.4974 
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TABLE  7 

DIMENSIONS  OF  UNDERGROUND  EXPOSURE  AND  RAMAN  SCIENCES  EQUIVALENT  RINGS 


Independent  Measurements  within  2  mils 


O  \J 

*  s  „•  - 


3  3  31 


2138  5 

•rJ  U  f|  -W  . 

rt  ►,  Q  -u  0 


I  O  t) 

6  >4  h  •  _ 

*31*  s 

*  »  u  ■ 


cn 

I'U 


I 


■.IP*  U  4J 

I  "" 

»  o  S 

O  -H  u  H 

ish  2 


e  8  2  " 

H  M  *>  I 

3  *•  W  U 


2  83  8 

Sam  2 


5  £  .2  «•  »«  **i  »ft  «n  5  ?> 

*45  37  37  7  3  3 

2:  ,  >  o  as  ^  o  <«  om 

M  w  ^  o  *n  o  o  <*  I  rti 

MfH«H  rt  A.  P'1  *J 


.3  ,.° 

o  **  d  *j 


"ana  jo 

D  uj  Id  «  I  m  ii  I 


O  V  o  ** 

.a  .a 


!D  U  O  *J 

9  •  •  3 


o  y  g  ia+/|  o 

•  •  2  •  5  . 

a  u  «  D  W  D 


All  table  value*  are  in  10*  p*i. 

Numbers  in  p/*rentheaea  are  the  range  of  retained  modulu*  baaed  on  the  range  of  moduli  for 
other  two  rings  of  that  particular  carbon-carbon  material. 


TABLE  9 


FELT  CC  CURVED  COMPRESSION  TEST  RESULTS 


[Fixed  End  Test] 


Specimen 

o 

EI 

E 

s 

e 

psi 

106  psi 

106  psi 

in, /in. 

1-1 

6530 

1.22 

1.08 

0.0290 

3-1 

7520 

1.34 

1.10 

0.0304 

2-1 

9170 

1.29 

1.11 

0,0378 

(Supported) 

1-C 

6570 

1.27 

0.97 

0.0282 

3-C 

6300 

1.10 

0.97 

0.0275 

2-C 

8350 

1.23 

0.97 

0.0284 

(Supported) 

2-0 

7000 

1.27 

1.27 

0.0306 

3-0 

6820 

0.91 

0.85 

0.0330 

1-0 

9220 

1.27 

0.96 

0.0430 

(Supported) 

■ 

Averages 
- - - - — 

Inner 

7740 

1.28 

1.10 

0.0324 

Center 

7073 

1.20 

0.97 

0.0280 

Outer 

7680 

1.15 

1.03 

0.0355 

Supported 

8910 

1.26 

1.01 

0.0364 

Unsupported 

6790 

1.18 

1.04 

0.0298 

Note: 

Ej  =  Initial  Modulus 

Eg  =  Secant  Modulus  at  1/3  o ^  q-^ 

°0.01  =  Stress  at  =  0.01  in. /in.  Strain 


Specimens  run  with  lateral  support  had  approximately 
60  percent  P/A  Stress. 


TABLE  10 

3DCC  CURVED  COMPPESSIOM  TEST  RESULTS 


(Fixed  End  Test] 


Specimen 

o 

psi 

E 

I 

10*  psi 

E 

s 

IQ6  psi 

c 

in. /in. 

1-1 

6780 

2.28 

0.0020 

3-1 

6360 

10.7 

- 

0.0008 

3-0 

(Supported) 

9820 

8.58 

0.0016 

4-1 

6450 

6.20 

S.9 

0.0016 

4-0 

6200 

6.9 

- 

0.0011 

5-1 

7420 

7.2 

- 

0.0012 

5-0 

(Supported) 

12,450 

| 

15.4 

0.0016 

Mote: 

Ej  =  Initial  Modulus 


ls  *  Secant  Modulus  at  1/3  ar 


c0.01  *  Stress  at  -  0.01  in. /in.  Strain 

Specimens  run  with  lateral  support  had  a pproxi»a te 1 y 
60  percent  P/A  stress. 


RST  =  Ring  Segment  *feri§ic)ri 
P.SC  =  Ring  Segment  ComprfeSefUifi 


